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l NOTATION

) Cushion beam, feet
CDA Appendege drag coefficient ;A
Cf Skin friction coefficient i%;
D Total vehicle drag, 1lbs |
Da Appendage drag, lbs
De External aerodyramic drag, lbe
D8 Dry stores duration, days
DSK Seal (or ski) drag, lbs ;
Ds,a Sidewall frictional drag, 1lbs .
i Ds,v Additional (external) sidewall frictional drag, 1lbs
Ds,w Sidewall wavemaking drag, 1lbs ?ia
Dw Wavemaking drag, lbe
Fz Froude number based on x
g f2 Wavemaking drag parameter 3;
8 Acceleration of gravity, ft/sec? . 3
ha Fully wetted sidewall depth, feet % :
g Kd Waterjet system loss coefficient (includes internal and —;
i elevation losses plus an equivalent loss to account for
i the additive inlet induced external drag) :
2 L/D Lift-drag - atio :
g L Cushion length, feet
g Nc Number of accommodations f !
% PO Design cushion pressure, psf i«
k P “haft horsepower delivered to the pump, h.p. ‘é.
g Pe Power required at VK . h.p.
Pen Power required per e:gine at VK , h.p.
PL Lift horsepower required, h.p. ) )

1‘3
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PMC Available maximum continuous shaft horsepower, h.p.
PMI Available maximum intermittent shaft horsepower, h.p.
Pp Propulsive horsepower required, h.p.
E PSH 1.15 times power required at VK » h.p.
| max
3 Paf Degign foil loading, ps¢
‘ q, Alr dynamic pressure, psf
qQ, Water dynamic pressure, paf
R Vehicle range, miles
r Wavemaking resistance coefficient
S Cushion planform area, ft2
sfc Specific fuel consumption, 1b/h.p.-hr
VK Vehicle speed, knots
VKe Vehicle endurance speed, knotsg
VKd Vehicle design speed, knots
VKH Primary hump speed, knots
VK Maximum vehicle speed, smooth water, knots
max
VKt Take-off speed, knots
A Vehicle gross weight, lbs
waux Auxiliary systems and outfit and furnishings weight, tons
wces Complement, personal effects, and stores weight, tons
we Electric system weight, tons
wf Fuel weight, tons
wm Propulsion system weight, tons
wP/L Payload weight, tons
wa Hull structure weight, tons
W Lift systems weight, tons




Ratioo£VK to VK
d max

Ratio \Y to V
atio of K o K
t max

Lift horsepower-to=-propulsive horsepower ratio
Overall propulsive coefficient

Pump efficiency

Maximum pump efficiency
Fluid density, 1b seczlfta

Vehicle gross weight, tons

114

d
|
"
]
4
!
4
I
I
w
n.;M

i
L
E
]
} B
{ |
! i
;
E
: R
3
i
é :
P
i 3
; .
i 3
H F
P
i 5
N
H
3 3
L1 E
P
3 3
i 3
3 E
Ed 3
i
k4
4 B
4 3
3 3
: 3
H 3
3 3
z 3
;
;
?
1



Ty

= gy

A T TR T P
g

e

— e ——

o ey

A, W e

ADMINISTRATIVE INFORMATION

This work was requested by the Propulsion and Auxiliary Systems
Department and was funded under Task Area SF 43 421 012, Tagk 17229,
Work Unit 1-2721-144-40,

INTRODUCTION

The project objective 18 to recc'mend '"Reference Craft' for
use in an exploratory development program of waterjet propulsion
systems. The vehicle concepts recommended i{n this report are
limited to 200 tons, However, other vehicle sizes may readily be

examined by utilizing the method presented herein.

A rapid methed is develeped for estimating the overall propulsive
coefficient and the drag of a vehicle concept over its operating speed
range. Thus, an estimate of the shaft horsepower required as a function
of speed may be obtained. Preliminary weight estimating relationships
are also included so that predictions of fuel weight and payload weight
pay be made. A computer program utilizing this method and applicable to
SES vehicle concepts is contained in Appendix A.

Some of the equations used in the method are presented without

derivation. Future reports will cover the development of these
relationships.

THE OVERALL PROPULSIVE COEFFICIENT
FOR WATERJET PROPELLED VEHICLES

The overall propulsive coefficient n 1g defined bv,

D(1.6878vK)
n=~""550p

where D is the total vehicle drag, exclusive of that drag induced by the

irlet. in pounds, V. is the gpeed of the vehicle in knots, and P 1is the
shaft horsepower delivered to the pump at the vehicle speed V. For

purposes herein we assume & transmission efficiency of unity.

] ) A, .ot 19 it 0, b KM st i . bl
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For parametric analyais of waterjet propelled high performance
vehicle concepts operating in a patrol type mission, 1i,e., cruieing at
soue specified speed (e.p., 20 knots) and having a specified maximum
(dash) speed (e.g., 75 knota), it is necessary to be able to estimate
the powering requirements at the specified cruising speed so that fuel
wveight requirementa corresponding to the specified cruising range may be
determined. When the desired cruising speed coincides with hull-borne
or pre-hump operation, it will be assumed that the vehicle concept has a
hull-borne waterjet propulsion system, in addition to the primary (high
ap2ed) system, which can he characterized by supposing that a smalil hull-
borne inlet/pump/engine y:rem is included as part of the propulsion
system. The equation (to . » developed) fcr n will, in addition to
providing an estimate of n for the primary waterjet system, enable
characterization of this 'secondary' propulsion system efficiency over

the hull-borne speed range.

An expression for the overall propulsive coefficient, as givan

in reference (1) |Equation 6], is

ning = 201 - k - 280 4 28,172 402 ) (1]
v A\

where

n is the pump efficiency

k is the ratio of total inlet and internal energy losses
(exclusive of elevation changes) to the vehicle velocity
head (V2/2g)

h is the difference in elevation between the nozzle exit and
the water surface, ft

H is the head produced by the pump, ft-1b/1b

8 is the acceleration due to gravity, ft/sec2

\ 18 the forward speed of the vehicle, ft/sec
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As no attempt is made herein to estimate the inlet induced external

drag, we account for this qdditive drag by penalizing the overall
procpulsive coefficient. This is done by replacing K = k + 2‘% (the

magnitude of which, in reference (1), is taken to be fixed £8r a fixed

geomelry) by e waterjet system loss coefricient Kd’ which 1ucludes %

internal (inlet plus duct) and elevation losses plus an equivalent loss 2

s to account for the additive inlet induced externsl drag. Equation (1] ;

{ then becomes E

f b

? n/ng = [ Ky 4 35% Y2 g (2] j

As pointed out in reference (1), this equation has a maximum value for E

i a given value of Kd so that there is an optimum value fnor H. 1h's is §

i found, as in reference(]) , by differentiating Equation [2] with respect g
f to H‘ = Zﬁ% and solving for H., The result {is

K 2 |

“op: - —é‘i (K, + .ﬁ] i

vhere vd denotes the particular value of V for which H is oplimum.

Reference (]) suggests that if the magnitudes of pump head and flow rate

N IR

at cruise (design) speed are maintained at take-off speed, then the

additional thrust required at take-off may be produced. Following this

, 1.e.,
pt

i e (TP P e L

reasoning, we assume that the magnitude of H is a constant H = Ho

d
H-g[xd»m/fd] 10 <V <V,

‘ Replacing H in Equation [2] by this relationship and setting Vd -V ,

: nax
; 0 <ac<1il, gives
%.99) )2
2(K, + lav
n/np = (1 -Ky+ d d 5 }/Z 1§YK Kmax (3]
(VK/OLVK ) (Kd + ';zd)

{ max

1.0 < v, < Vy

-

d

where the vehicle speeds are now given in units of knots.
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An estimate for the pump efficiency e is needed which has a

o+ el St L

specified maximum p " Mp when VK - VK . Moreover, the effect of Kd
should be included since FRE magnitude ofdthe total head above vapor
presaure at the {mpeller, HSV (referred to as the net positive suction
head), 18 given by

2

\J
HSV « (1 - k) 3; + hsv hpt

where hSv is the difference between atmospheric and vapor pressure expressed
as A head in feet of water and h { is the elevation of the pump inlet

avove the free water surface ('f the pump inlet is below the free water
surface, then hpi is a negative quantity). Referring to the equation for
HSV it is seen that, for a fixed vehicle speed, the magnitude of HSV

increases as k (or Kd) decreases with a corresponding increase in the

il it oo L b S st 3 i b i

pump specific speed for a given pump.

Test results for the XR1-B and calculations were used to determine

el 0l

the variation of pump efficiencv with vehicie speed. This variation

can be characterized by a slewly increacirg functien of vehicle gpeed

<
-
F
=
=
=

which reaches a maximum value at design speed. Such a function {ie

v
[1-c,a- gk
max K
d
where Np is the maximum pump efficiency and Cl is assumed to be a

functionm3¥ Kd.

P

We gssume that the above functional relationship between pump
efficiency and vehicle speed 1s generally true and that, as discussed
previously, the propulsion system losses {(as reflected by Kd) slightly
affect the pump efficiency. To estimate this effect, the ratio

ot o il Lo ) o e e s e il o bl

i
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Vi;/(l + /E;) 1s assumed for the conatant C, as it provides anall

variations {n the magnitude of nP for a coneiderable range of K, values.

d
The validity of this acsumption will have to be verified when more
experience is gained in the application of waterjet propulsion systems
to high-speed vehicles. The equation selected to estimate the pump

efficiency 1is

K 2
np = np [1- )7 1£0 <V, <V, - 14)

max d K d

Combining Equations [3] and [4) gives an estimate of the overaii

propulsive coefficient n over the speed regime (0 < VK f-VK ) for a

vehicle concept with a specified losa level (Kd) and a spechfed maximum

pump efficiency, Np s 1.e.,

max

n.
nw= n, if 0 <V <V (s}
P -
n'P K Kd

For high-speed operation, the design speed'vK - , 8hould be set

aVv
d Knax
equal to V » l.e., a=s 1, If a secondary propulsion system {is
x
assv~d for purposes of cruise range specification at low speed, then
a second set of values, a. Kd. and np . . should be selected and

used in Equetion [5] to determine themﬁxfor this propulsion system.

In using this method for estimating the overall propulsive
coefficlent of waterjet propelled vehicle concepts, the waterjet

system loss coefficient K, may be treated as a parameter.

d
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In this case the following tentative range of magnitudes for K

d
are recommended for preliminary performance estimates:
Waterjet System Recommended KC Values
Flush or semi-flush inlet (hull) 4 -5
Hydrofoil strut/pod ram inlet .65 - .75
Semi-flush/ram inlet (short strut) .5 - .65

SES DRAG AND POWER ESTIMATES

The drapg estimates for SES (rigid sidewall ACV's) are obtained by
a summation of component drag relationships vased essentially on the

procedure given in references (2) and (3), As an approximation, it is

assumed that the SES is fully cushion supnorted (i.e., W= pOS. wvhere W
is the gross weight in 1lbs, P, is the design cushion pressure in psf,
and S 1e the cushicen planfori area in ftz), that the cushion plantorm
is rectangular, that the sidewall length is equal to the cushion length
(2), and that the daylight clearance 18 zero. Consistent with the latter
assumption, the ram (or momentum) d.:- 1s taken to be zero.

The equations used to predict the component drag ro welght ratios
are as follows:

Wavemaking drag, Dw: From reference (2), this component is given by

p

'_"_J..i._f*.f (6}
! '}

w PR

where p /¢ 1« +he design pressure to cushion length ratio and f_1s the
v
wave drag parameter. A closed form analytical espression for fi has

been developed, assuming a uniform pressure distribution acting over
a rectangular region. It 1s

’
. m‘_mmsmm
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r 2 1+ 1.60/4)2§2
164 . 2 I -y +2 “ 1£0cF, <1
T - &1 < ‘=
nflu“ 1+ 1.6017%?2 16 MRS
2
F ’ 4
1/6 n = .1/4 2
f(F,X)-J _'/;\-rg'/i £ X‘ 1 (Fl-i-SA F
e ‘ e sin 5 + = (P + 4 AI/AF )2 3 - + 8
2%, L3 2y Yt in 9
1 4. 1/4
1f2F2_: FQ.-(-_S-)‘ F
H
2%
93 o
4 2 z
v RIAT K A 1 ) } 1f L1060, o
JA T - = < F
e L sin " = + e = {} Yy + &n ( ) ) 5 FIH ]
) Fe
N
where
A= i/b is the leagth-beam ratio ct the rectangular plenfornm

y= .577... 18 Euler's constant
F = v//gt 1s the Froude number

Fou = VH/JET 16 the primary hump Proude number, which is estimated
]

1
b, "y 0w 22

Sildewail frictfonal dreg, Ds R

For 2 sidewalls, this component is given 1n reference [} by

‘- =]
G
[}
i
(@]

(7

where Cf is the kin friction coefficient, 9, is the water dyramic
pressure (2.835\'3(), and h_ is the fully wetted sidevall depth. The

following estimate for ha is used.

PO FQ
- 5; f1-. f; ] if O f.Fg :'FRH
a '~ H H fr.'
.2 PO_ ifF, <P, <F
- lH - = Qma .
Additional (ex:crnaf§ sidewall frictional drag, D : According to
8,V

refercuce (2), this coxponent is given as

[y

o i I 4o

wl

s duerll
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v, K6 ¥ (8]

Sidewall wavemaking drag, Ds w: This component, as given in reference (3}, is
’

‘. Pow_r . 8pg . B [9]
E W %] n L

Values of the wavemaking resistance coefficient, r, for a full form, having
B/L = .C265, B/H = .183, and L/H = 7, were taken from reference (4). For
; Froude numbers between 0 and 1.80, the magnitude of r is computed by inter-

polation of these stored values. For larger Froude numbers, the following :
approximation 1is used. 3

1
r=6.125"""73"° fn Fl if 1.80 < F E
PQ -8 i

The assumption is also made that H = ha. :SQ

External aerodynamic drag, De: As given in reference (p), this component é;_
is

— - = (10]
W /b Po

where q, is the air dynamic pressure (.00339V§). Here we have assumed
the estimate of .2/(4/b) for the aerodynmamic drag coefficient as given in E.
reference (§5).

Seal (or ski) drag, For this component, a flat planing surface is

D.,:
SK 5
assumed. The aversge bottom planing speed 18 taken to be equal to the ..

vehicle speed and the ski width is assumed equal to b. The drag for two

seals 1s then
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1 \ \
Dgg =2+ PV G ~ t'b =29, Cp 2

where Cf , is the flat plate skin friction coefficient and {' 1is tke
chord length of the ski. Assuming 2' = ,025% and Cs ;" 2C¢ gfves
3

%] £ 9 ° (11]

Appendage drag, Da: Reference (f) gives an estimate for the drag

coefficient of parabolic cross section appendages. If the values .0l

and .1 are assumed for appendage area to cushion area ratio aand thickness

to chord ratio, respectively, then the drag coefficient given therein
becomes

- Q
CDA .0000393 + .02Cf

The appendage drag is then taken to be

Eg - CDAqw [12)
W P,

The total drag to weight ratio (D/W) 1s obtafined as the sum of
Equations [6) through [12], t.e.,

(=)
o
(=

D
W 8,8 8,W _, e,
%) W %) w %)

Ysk
W

<},

[13]

from which we obtain the propulsive horsepower to weight ratio as,

k

D
"W 3367 [14)

x:',o"’

where VK is the vehicle speed in knots and n is the overall propulsive

coefficient. 9
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1t id esgsumed that the lift horsepower required (PL) ie proportional

to propulsiv: power required, {.e.

| 3 y EE
- ° W [15]

=

The smoeth water shaft horsepower required is now given &s

PP
P-(-,—3+~:‘3).w (16)

where W is the gross weight nf the SES in pounds.
HYDROFOIL DRAG AND POWER ESTIMATES

Smooth water drag estimates for hydrofoil vehicles are based on
empirical relstionships developed for estimating vehicle lift-drag ratios,
L/D,over the vehicle's speed regime for hydrofoils having either

subcavitating or supercavitating lift systems.

For hydrofoil vehicles having subcavitating 1ift gystems, the L/D
curve (as a function of vehicle speed) decreases rapidly with increasing
speed in the hulltorne condition until take-off (where L/D is a minimum)
after which the L/D curve increases to a maximum value (depending on
cavitation conditions) and then decreases again as cavitation becomes
more severe. To inciude the effect of various take-off speeds on L/D,
the teke-off speed, VKt is defined by setting vKt - Bvxmsx' 0 <B <«1.

Ta provide the variation of L/D over the whole vehicle speed range,

the following variation for subcavitating L/D's is selected

10

nsh —
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550 2.5
('v * 8 . 1 3 1f 0 < VK < VK
Kaax g/ ) t
max
L/D-{ 230, 1 -(VK )2 1fV, <V </gv
VK 81.5 VK gt - 'K B K {17)
max max max
S50 1
v, W Ve ) 16 BV sV <V
\_ Bax max max mex

where the empirical constsnt 1s selected so that the L/D at 50 knots is
11. This is based on an average of L/D's attained by existing hydrofoils.

The varistion of L/D with vehicle speed for hydrofoil vehicles
with supercavitating 14ift systems 1is assumed to be similar to the variation
of L/D with vehicle speed for subcavitating lift systems throughout the
bullborne speed range. After reaching a minimum at take-off, the L/D 1is
assumed to slowly increase throughout the foilborne speed range. The

following variation of L/D with vehicle speed rcflects the above assumptions.

550 . ,2.5 . 1

VK 8 ;;—7;————;5 if o < VK < VKt
max K Kmax
T/D = (18]
5560 1/2
Ve (Ve /Yy x) 1f vKt <V £V
ax ma max

The same empirical constant is selected as it gives L/D's of 7.33 and
5.5 at 75 and 100 knots, respectively. These magnitudes are considered

to be attainable with careful design 1in the near future.

The smooth water shaft horsepower delivered to the pump 1is given
as,

6.872 VK

Th(L/D) (19]

P=

11
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wvhere A= W/2240 18 the gross weight of the hydrofoil in tons.
PLANTNG CRAFT DRAG AND POWER ESTIMATES

The smooth water drag estimates for planing craft are based on
Series 62 data (reference (7)). For the planing craft considered
herein, Figure 12(a) of reference (7) was used to determine the
resistance to weight ratios D/W, 1.e., a length to beam ratio of 5.5

was selected and the 8Z LCG curves were used. !
4

The shaft horsepower required is given by
D ¥ VK

W 326 n (20]

P =

WEIGHT ESTIMATES, ALL VEHICLES

bl

;

In order to obtain first order payload weight estimates, it {is

necessary to estimate the component weights o the selected vehicle

concepts. Ordinarily, one would specify payload weight and estimate
the gross weight; however, in this case an iterative procedure is
required tc solve the weight equation for gross weight. By specifying
a gross welght (2) the payload weigbt may be calculated explicitly,

i
2
3
k|
i

The following relationships were selected for use in estimating

component weights.

Yy

Hull Structure: The hull structural weight group wa includes the

] main body and hull structure, superstructure, and machinery foundations.

s 1 i Rl et |

A winimum structural weight envelope given in reference () was selected

et

for hydrofoils based on the best currently available material technology
and ~onstruction techniques. This was increased by approximately 28%

for planing craft based on a recent planing craft design. A weight

estimate for SES, as a function of /b and PG/[’ was developed based on

the variations presented in both references (6) and (g},

12
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W, = A94+ L3208

The hull structurel waights are given by

ASb+ L2507 . HYDROPOILS

7 ; PLANING CRAFT ; TONS (21]

s 1 .3
( + ) ; SES
Jw'ro A1/3 (z/b)ll:i :

Lift Syetems: The lift systems weight group w,l. includes the foil
system weignt in the case of hydrofoils and the seal system weight in
the case of SES's. The equation selected for estimating the weight of
hydrofoill 1ift systems, whose form is taken from reference (§), is
assumed to depend on gross weight and the design foil loading PBf in
lbs/ftz. The 1ift system weight for SES's is taken proportional to

gross weight.

gﬂ + 5213 43/2 . yypRoFOILS
sf 8t

W .050; SES
1 0; PLANING CRAFT

; TONS (22}

The magnitude selected for P, should not exceed 2100 PSF as the resulting

weight estivate might be too low.

Propulsion System: This weight group includes the prime movers

and the transmission and propulsor systema. Basec on available data

for two recent high-performance vehicles, SE5 100A and PHM, a specific
weight (1bs of propulsion system/maximum intermittent shaft horsepower)
of 3 1b/h.p. 18 selected to provide an estimate of marine gas
turbine/waterjet propulsor/light weight tramsmission propulsion aystems.
I1f a secondary propulsion system is required, then an additional

.5 1b/h.p. is assumed. This gives
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.001339 PHI; 1f 1 propulsion gystem

W = ; TONS (23]
L «001562 PMI; if 2 propuleion systems

where PMI is the available maximum intermittent shaft horsepower (80°F).

The magnitude of PHI is selected such tnat it exceeds the larger of
either 1.15 times the power required at V » (Pgy = 1.15P(Vy ), or
x ma
the power required at hump, P(VKH) or take-off, F(Vy ). If exiaging
t

(er planned) gas turbines are not considerel, then the estimate

Py ® MAX[PSH, P(\'m)]

way be used.

Electric System: This group is a small percentage of gross weight,
and for our purposes, the following equation is selected based on an
approximate average of the SES 100A and PGH-2.

W = .03% TONS [24)

Auxiliary Systems and Outfit and Furnishings: This group comprises

a larger percentage of gross weight than the electtic plant, however,
i1t 1s atill comparatively small relative to the previous groups. The
weight of this group is taken to be 10 percent of the gross weight on
the basis of the SES 100A and a recent planing craft design, 1.e.,

waux = .14 TONS [25)

Complement, Personal Effects, and Stores: Tuls group consists
of the accommodations dependent weight ftems, some of which may be &
function of duration at sea measured in terms of dry stores duration

in days. The complement and personal effects weight is estimated by

14
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assuming 225 lbs/man. The stores weight per man 18 assumed to be
proportionel to the dry stores duration. Based on the PGH-2 and

a recent planing craft design, we obtain the following equation

ch. - .lNc + .OISNCD.; TONS, (26)

where NC is the number of accommcdations and Ds is the dry stores

duration in days.

Fuel: This weight group includes the fuel required to meet the

range requirements specified for the mission. The fuel weight equation
uged is

(sfc)RP_
22408V

Ve = 801 - e K); TONS, [27]

where sfc 1s the specific fuel consumption in lbs/h.p.-hr. and R is

the specified range in miles, Estimates for sfc are made by using an
equation developed by H. D, Marron, Naval Ship Research and Development
Center, NSRDC, Annapolis, for s®c's corresponding to maximum con*‘nuous
power ratings of second generation gas turbines; however, as an approxi-
mation we assume it valid for the power per engine pen where Den is the
estimated power required at VK R Pe, divided by the number of engines in-

€
stalled, The equation 1is sfc = 1.9 Pe;'ls. For hydrofoil and SES con-

cepts where hullborne range is specified, an sfc of .4 is assumed to

reflect a sm'll diesel installation,

The payload wP/L 18 defined to consisf of those items comprising
NAVSHIPS weight groups 4 and 7 (communications and control and armament,
respectively) all variable load payload and margins, The payload weight,
given in terms of Equations [21] through [27] via the weight equation, 1is

15
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Moy = 8- (w“»«wol+wm+we+wml + W .+ W); TONS. [28)

x ce

é

APPLICATION OF THE METHOD OF ESTIMATING THE PRIMARY 7%

f

CHARACTERISTICS OF SES'S, HYDROFOILS, AND PLANING CRAFT §

The equations presented for estimating the powering characteristics g

and weight cheracteristics of SES, hydrcfoils, and planing craft may now §
be solved provided certain design parameters are kncwn. In this section é
these parameters are discussed and defined. é
= |

1

Design Specifications Common to All Craft

-

ez 0

These are essentially selected according to the mission

s

Sl

requirements. They are:

3
E,
3

v, Ma>:imua speed, knots
_ v;:ax Nesign wpeed ‘speed at w&ich maximum propulsive coefticient
is des’red), knots
vK ’Endurance specd (speed corresponding to range specification),
: ¢ koats
‘ R | Range, riles
‘NC Numbur of accormodetiona
Ds Dry stores duration, days
uP’L Frylrad welight, toas. (In general this should be a

‘ apecification resulting from mission requirements, in
which case Equation {28) becomes ar implicit equation
in grosa wveight, 4 which can only be solved by

iteration. For purposes hereir. we chose to specify

A and coogprate w“/L for eass n computation.)

*Two values are required for this specification if the endurance apeed :
specification 18 less than hump or take-off speed.

1¢ 3
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S¥S Design Parameters

The following parameters are required for determining characteristics
of SES:

Procedure
Symbol Specification Units for Determining
A gross weight tons specify
£/b cushion length to besm ratio non-dim specify
Poli design pressure to length ratic non-dim Poll - 2//17b
il
L00678(P /) V0
Fz sjuare of maximum Froude no. non-dim Ff - 7 7 Bazx
max max IS¢ T R
2 cushion length feer L= .08e54(Vg /F, )P
maX max
Po design cushion pressure lbslft2 Po - (Po/ﬁ) ]
®
a ratio of Vg to Vg non-dim specify
d max
*
Kd waterjet system loss coefficient non-dim specify
*
Mp maximum pump erficiency non-dim 3pecity
max

With the above now known, Equations (6] through [13] are used to

determine the drag/weight ratio at any desired Froude number; 0 < Fi :-Fl .

max
Next corresponding magnitudes of VK/VK are determined via

asx
Vi _&T-FQ
\'} 1.6878v

Kmx Kmax

and then Equations [14] through [16) are used to determine the smooih
water shaft horsepnwer required at each speed, 0 < VK <V x. The
magnitudes of the compunent weight groups ai® then found using
Equations [21] through [27]. The payload weight then follows from
Equation {28]. 1If the payload weight is insufficient, then the

procedure should be repeated uvsing a new gross weight.

*
If secondary propulsion system ig assumed, then two values may be required.

17
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Hydrofoil Design Parameters

The following parameters are required for cdetermining the
characteristics of hydrcfoils:

Procedure
Symbol Specification Units for Determining
[} gross weight tons specify
£ ratio of V, to V non-dim specify (V, < 35)
Ke Knax 2 Ke =
P.f design foil loading 1bs/ft recommend
1200 1f 0 < ¥ < 55
Kmax -
P £ 1600 1f 55 < Vy < 70
] max
2100 1if 70 < VK <100
max
*
a ratio of VK to VK non-dim specify
d max
Kd wuterjet avstem loss non-dinm specify
coefficient*
*
e maximum pump efficiency non-~dim specify
max

If 0 < VK < 55, then subcavitating 1lift systems should be assumed
end L/D estimaPes for the desired speeds, 0 < VK < 55 may be computed
using Equation [17). For these cases, it 1g recommended that £ = .5, {i.e.,
assume that the take-off speed 1s 1/2 of maximum speed.

1f VK > 55, then Ljuation [18) should be used to reflect the
ma
lower L/D's gbtalned with supercavitating 1ift systems., If Vk < 70,
max
then take-off speed may be assumed to be 1/2 of maximum speed, i.e.,

B - .5; however, for VK > 70, one should select VKt = 35 and determine
the appropriate value fggx R.

*
If secondary propulsion system is assumed, then two values may be required.

18
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Smooth water shaft horsepower magnitudes for each Vg are given
by Equation {19], and the payload weight is determined by use of
Bquations [21) through [28]),

Planing Craft Design Parameters

The parameters needed for determining the characteristics of
planing craft are:

Procedure
Symbol Specification Units for Determining i
A gross weight tons specify
LP/BPx length-beam ratio non-dim specify
I..P projected chine length ft. specify
BPX maximum beam at chine fr. specify
2/3 .
AP/(3SA) bottom loading cuvefficient non-dim specify
Bd deadrise angle degrees 12.%
a ratio of V, to V non-dim specify E
Ka Krax :
Kd waterjet system loss coefé non-dim specify
ficient
Np maximum pump efficiency non-dim specify
max E

Magnitudes of resistance to weight ratios, D/W should be obtained
from reference (7) after having selected an LCG location given therein.

The procedure may then be completed by use of Equations [20] through [28].

el o bkt L, . "
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CHARACTERISTICS OF WATERJET PROPELLFD
HIGH PERFORMANCF. VEHICLLS

Vehicle concepts considered for purposes of providing a reference
ve~icle for the selection of specifications for a developmental waterjet

propulsion system are categorized according to a desired maximum emooth
vater speed capability as follows:

Vehicle Concept

Planing Craft
Hydrofoil

SEC

75 @ —— - . 7 Hydrofoll
SES

100 v SES

Design param.ters and primary characteristics for the planing

craft concepts are shown in Table 1. The selected design parameters

have previously besn defined., Two particular sets of design
gpecifications, both of which require 50 knot maximum smooth water
speed capatility, are selected. One is for a vehicle concept having a
50 knot Jdesign speed de and a 500-m!le range R at that speed V_, ;
while the other reflects a concept designed to be most efficient at

25 knots and to have a 500-mile range at 25 knots. For this patrol

mission, however, only one propulsion system is assumed. In each case,
the number of accommodations Nc and the dry stores duration D8 are
asgsumed to be 12 and 7, respectively.

For each set, gross weights & of 50, 100, 150, and 200 tons are
sclected. For reference, the planing craft PTF has a gross weight of

approximately 85 tona and the displacement ship PG has a gross weight

of about 225 .ons. The geometry selected is the same for both sets.

The loss coefficient Kd specified for each set 18 .5, which is assumed

to be representative of waterjet systems having flush (or sewi-flush)

inlets. Maximum pump efficiencies n
Prax

of 90% are assumed. The

20
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resultant overall propulsive coefficient n at maximum speed 1e¢ .527,
while at 25 knots it 1is .365.

The estimated characterietics, powering and weights, are presented
next. The shaft horsepower required by the pump i{s given at two speeds,

i.e., P(de) and P(VKm‘x). The magnitude of PSH is also given.

The number and model of possible gas turbine installations along
with the total maximum intermittent PMI and maximum continuous PHC
power rating (at 80°F unless otherwise noted) are shown for each concept.

Tables 2 and 3 present selected design parameters and resultant
characteristics for the 50 and 75 knot hydrofoil concepts, respectively.
Ir. each case, two "mission profiles' are assumed; the first specifies
rhat de -V and that the range at VKe - meax be 500 miles, while
the second ri%ﬁgsenta a hull-borne cruise capability of 2750 =miles for
the 50 knot hydrofoils (2000 miles for the 75 knot hydrofoils) at
VKd - .ZVKma - VKe
missinn, a secondary propulsion gystem is assume?‘.‘g Parameter values

with a dash capability of Vg For this patrol
characterizing it are given in parentheses next to the selected parameters
for the primary propulsion system. For all cases, the number of
accommodations NC and cthe dry store duration Ds are taken to be 12 and 7,

respectively.

For each set, gross weights A of 50, 100, 150, and 200 tons are
selected. The PGH-2 has a gross weight of 58 tons and the PHM is
approximately 224 tons gross weight. The design loading PBf selected for
the 50 knot subcavitating hydrofoil concepts 1is 1200 psf, while for
the 75 knot supercavitating hydrofoil concepts it is 2100 psf. The loss

coefficient Kd, taken to be .75 for the primary waterjet system, is

*A small diesel installation is assuwmed but not identified.
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"assumed €O He repvesentat’ve of waterjet systems having hydrofoil
srrut/pod rauw-type inlets. . For the secondary system, aseumed to be
of the flush type, Kd is taken to be .5. Both primary and secondary
systems are assumcd to have a +aximum pump efficiency of 902. This

leads to an overall piopul’ ve coefficient of .482 at maximum speed,

and an ovgrc}l propulsive coefficient of .527 at the hullborne endurance

e Al ol il B v

speed,

]

The estimated ehe;&cteria;ics include, in addition to those
pres~ te’ inp et e 1, the shaft horsepower required by the pump at

T

PO

take-off speed, P'VK )
t

il g

Design paru  :ters and resultant characteristics for the 50, 75,

and 100 k... - SES ship concepts are shown in Tables 4, S5, and 6,
respectively. For tie "tramsport" mission, i.e., Vg = Vg = Vg »

a range of 500 miles at Vy is selected. For the “patrol mission”

ol L e i Y g

e
the endurance requirements are specified as 2500 miles at 12 knots for

the 50 knot SES concepts and 1500 miles at 18 knots for the 75 and 100
*
For

4
*
5

knot SES concepts and a secondary propulsion system is assumed.

all cases, the number of accommodations Nc and the dry stores duration

D8 are assumed to be 12 and 7, respectively.

The gross weights considered for all SES concepts are again taken
as 50, 100, 150, and 200 tons. Cushion length-beam, £/b, ratios for the
SES transport concepts are selectcd to be 2. However, for the SES patrol
concepta, the L/b 18 selected to t.: 4 except for the 100 knot, 200 toa
concept. The loss coefficient Kd is taken to be .5 for both propulsion
systems and the maximum pump efficiency npmax for both systems is assumed
to be .9. This gives an overall propulsive coefficient at maximum speed
of .527, which may be somewhat optimistic. At the pre-hump endurance

speeds, the overall propulsive coefficient 1s also .527.

*
A small diesel installation is assumed, but nct identified.
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The estimated characteristice presented in Tables 4, 5, and 6 are
the same as those given in Table 1, except theat the shaft horsepower

required by the pump at primary hump speed P(VKH) is also included.

RECOMMENDED VEHICLE CONCEP7S

For each of the 3 maximum smooth water speeds considered - 50,
75, and 100 knots - and for each of the 2 wission type profiles
considered - transport and patrol - a vehicle concept is recommended
for use as reference craft for waterjet propuligion systems. They are
described below.

50 Knot Vehicle Concepts

The payload welight characteristics for all the 50 knect vehicle
concepts, given in Tables 1, 2, and 4 are considered acceptable. In

fact, the payload weight fractions (WP/LIA) for all these concepts

e O

are between .(8 and .34. Since the transport mission requires a continuous

sustained speed of 50 knots, the hydrofoil concept is recommended for
this mission profile as its performance in a seaway is superior to
the other two type concepts. However, for the patrol mission profile,
the planing craft concept ie recommended as 1t will be cruising at a
moderate speed (25 knots or less) most of the time. Moreover, it
represents the least complex concept in terms of vehicle technoiogy

ani cust. Table 7 presents the recommended vehicle concepts.

75 Knot Vehicle Concepts

The 75 knot hydrofoil and SES vehicle concepts are presented in
Tables 1 and 5. Insufficient payload capability is indicated for the

50 ton transport vehicle concepts and the 50 ton SES patrol concept, 1{.e.,

the payload weight 18 less than 5% of the gross weight. For both missions,

tne hydrofoil of larger gross weight is agein recomms nded, even though

its payload capability appears to be somewhat less than that of the SES.

The selections are presented in Tahle 7.
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TABLE 7: RECOMMENDED VEHICLE CONCEPTS FOR WATERJET
PROPUL.SION DEVELOPMENT PROGRAM

VK S0 50 75 75 100 100
max

Mission Profile Transport Patrol Transport Patrol Transport Patrol
t Recommended Concept Hydrofoil Planing Hydrofoil Hydrofoil SES SES
i Craft
é Gross Weight, tons  50-200 50-200 100-200 100-200 > 200 > 200
!
t :
J
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100 Knot Vehicle Concepts

In this case, the only concept considered was the SES. The
characteristics obtained for the 50 and 100 ton SES concepte (Table 6)
indicate that thesc craft would have no fuel or payload capability.
Furthermore, the payload weight for the 150 and 200 ton SES concepts
is less than 5% of its gross weight. Thus, all of these concepts
are considered infeasible. Viagble SES concepts for these missions
would have to be larger in gross weight. Table 7 presente the
recommendations.
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APPENDIX A: Computerized Method for Waterjet
Propelled SES Vehicle Concepts

The computer program “RAVSES® utilizes the method derived herein
to estimate the overali propulsive coefficient and the drag of an SES
vehicle concept over its operating speed range, and preliminary vehicle
and component weights. The program operates in either of two medes ;
one being specification of payload weight; the second being specification
of gross vehicle weight. When payload is specified, gross weight is
derived by iteration until the specified payload is satisfied. When
gross vehicle weight is specified, the payload weight is calculated
directly. If the resulting payload is less than 5 percent of the gross

t, the gross weight is increased iteratively until the 5 percent

weigh
The program will also calculate the

minimum payload is satisfied.
predicted drag of the vehicle over a specified speed range.
of the input to program "RAVSES", a sample output,

A description
The headings on the output follow

and a program listing follow.
the notation used in the derivation of the method.
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1 1-80

2 1-10
11-20
21-30

31-40

41-50

51-60
61-70
71-80
3 1-10
11-20
21-30
31-40
41-50

51-60

Card Columns

Format

A

F10.0
F10.0
£10.0

F10.0

F10.0

F10.
F10.
F10.
F10.
F10.
F10.
F10.

o O O o o o o o

F10.

F10.0

INPUT FOR “RAVSES"

FORTRAN
Designation

TITLE

LoB
LOBSW
WPL

DELO

VKMAX

VKD
VKE

NC
ns
KD
ETAPM
PLOPP

EPS

39

Explanation

Any identification to be
printed at top of ¢ach page
of output.

Cushion length-to-beam rutio.
Sidewall length-to-beam ratio.
Payload weight, tons. If WPL=0.0
and DELG is non-zero, payload
weight is calculated from DELO
and other weight requirements.
Vehicle gross weight, tons. If
DELG=0.0 and WPL is non-zero,
gross vehicle weight is
calculated from WPL and other
weight requirements by an iterative
procedure.

Maximum vehicle speed in smooth i
water, knots.

Vehicle design speed, knots.
Vehicle endurance speed, knots.
Vehicle range, miles.

Number of accommodations.

Dry stores duration, days.
Waterjet system loss coefficient,
Maximum pump efficiency.

Lift horsepower-to-propulsive
horsepower ratio.

Governs accuracy of gross weight
calculation when DEL0=0.0 is
entered. [f the difference
between the initial gross weight
estimate and the calculated gross
weight is greater than EPS tons,
another iteration is made.




bl

A ™ B

Card Columns Format

3
(con't) 61-70 F10.0
71-80 F1G.0
4 1-5 15
5 1-10 £10.0
; 11-20 F10.0

T
T+) 1-5 15

FORTRAN
Designation

SYST

PRNT

NVK

VK (1)
vK(2)

VK(NVK)
MORE

40

e e e e e = = = I T oo — =TIy T TRERRT T oEeE R s T

Explanation

Use 1 for a single gas turbine.
Use 2 for a gas turbine primary
system plus a secondary system
for low speed operation. If the
endurance horsepower 15 greater
than 3000, the secondary system
i assumed to be gas turbine;
otherwise it is arsumed to be
diesel

Use O if each iteration is not
tc be printed. Use 1 if each
iteration is to be printed.

Number of speeds through speed

range for which drag prediction
are to be made.

If NVK = 0, omit cards 4 and 5

through T.

Speeds in knats for which drag
predictions are to be made.
Enter up to 8 speeds per

card to a maximum of 60
speeds.

tse 0 if another case follows.
Use -1 41f no more imput follows.
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1
S00

S02
600

PROGRAM RAVSES (INPUT+OUTPUT+TAPESSINPUT « TAPEGEOUTPUT)
OIMENSION VK (60)

LOGICAL MET

REAL KDL sLOBLOBSWINCINU

COMMON ZDRAG/DAOY +NEOW s DOWsDSAOWsDSKOW «DOSVOUW 9+ DSWOWsDOWOW e W
COMMON /PHYS/GRAV vNUPL+RHO+RHOA

COMMON /PUR/ALFAENGIETAETAPMeKONOEN+PLOPP o PLOWIPMCoPM] oPPOW y
SPVKE +PYKHIPYKM

COMMON /SES/BSW DS o FRHUMP ¢ FRMAX oL+ LOBsLOBSW ¢NCoPOTPOL vReSYST,
STITLE(B) ¢ VKD ¢ VKE ¢ VKMAX

COMMON /7WGHT/DELO«NEL) s WAUX s WCESIWE ¢ WF o WMo WPL oS WSL
MAX]T=S

00PL=2,0

GRAV=32,176

NU=) 2Bl TE-S

P1=23.16159265315894

RHO=] ,9905

RHNA=0,00238

Q1=2.6

Q2=] ,6878¢) ,6R7TR/GRAV

QI=Q2/2260,%%(1.73,)

READ (S+500) (TITLE(I)eI=148)

FORMAT (8AL0)

READ (5:502) LORLOASWeWPL sDELO ¢ VKMAX e VKD ¢ VKE #ReNCosDSsKDsETAPM,
*ePLOPPIEPS«SYST.PRNT

FORMAT (RF10.0"

WRITE (€+600)

FORMAT (1H1)

1F (DELOLLE.0,) MET=,TRUE.

1F (WPLLE.O0.) MET=,FALSE.

IF(MET) NELO=wPL *DOPL
FRMUMP=SORT (1 /Pl +P1/]180.*LOBsLOH)

POL=Q1/SQRT (LOR)

NSTEP=0

NSTEP=NSTFEP 1

WsNEL0*2240.

FRM22QIPYKMAX*YKMAX® (POL/DELO/ZLOB)®#e (] ,/3,.)
FRMAX=SQRT (FRM2)

LesQ28YKMAX®VKMAX /E RM2

PO=POL *L

BSwWsL /L 0BSW

Q4=]) ,6R78/SQART (GRAVSL)

ALFA=z]1,0

IF(SYST.EQe2.) ALFA=VYKD/VKMAX

CALL RSACV(VKE®N4 +PVKE

PMCsPVKE

I1F (FRHUMP ,GT ,VKN®04) ALFA=],0

IF (FRHUMP LT ,FRMAX) CALL RSACYV (FKHUMP 4PVKH)

ALFA=]1.0

CALL RSACV(FRMAX+PVKH)

1F (FRHUMP ,GE . FRMAX? PVKHZPVYKM

PMTsPVKMe] 15

IF (PVKH ,GT.PM]) PMI=PVKH

CALL ENGINE (ENG<PM] +PMC +NOEN)

IF(MFT) GO TO 3

|
%
L

ol




L

[ Y

602

S04

99

. Dwow 0SAOW USVOw Dswow DEOw DSKOw
. NAOW®//)

WPLsDELO-DEL]

IF(NSTEPIEQ.1 +ORPRNTNEeOa) CALL QUT(]sieSTEP)
IF (WPL.GE.0.0S®NELO) GO 10 &
DELO® 1. 15®DEL 1 ~WPL

IF(NSTEPJLEMAXIT) WPL20.0

IF(NSTEPGTeMAXIT) &e2 .
IF(PRNT.NE«Os) CALL OUT()oNSTEP) :
IF(ABS(DELI=DELO) <LESEPS) GO TO. 4

DELO=DEL ] .
IF (NSTEP,.LE.MAXIT) GO T0 2 !
CALL OUT(2:RSTEP) ;
WRITE(6+602) )
FORMAT (1MOs®*V (KTS) NRAG(LBS) FN E€ETA POWER 00w

| e e o
it mmwwmwummw.muum

i S kit et ot ol 1

ALTA=],0

CALL RSACV(FRMAX.P)

CALL LINE (FRMAXP.L +GRAVLETA)
IF(SYST EQe2e) ALFA=RVEKDO/VRMAL
CALL RSACVI(VKD®Q4.P)

CALL LINE (VKD®Q4eP 4L +GRAVIETA)
CALL RSACV(VKE®(Q&4.P)

CALL LINE (VKE®QGeF L GRAVIETA)
READ (S¢506) NVK

FORMAT(IS)

IF(NVK) 9341485

READ (5¢502) (VK(1)41xlyNVK)

D0 6 I=].NVK

FRxYK (1) *04

ALFA=]1,.0
IF(SYST.EN.2..AND. VK (1) ,LE.VKD) ALFARVKD/VKMAX
CALL RSACV(FReP)

CALL LINE (FR+P.LsGRAVIETA)
CONT TNUE

READ (S¢504) MNORE

IF(MORF) 994l

sSTOP
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SUBROUTINE RSACV(FR.P)

DIMENSTON TABFR (42)TABR(42)

REAL XOo+L oLOBLOBSWINCoNU
COMMON /DRAG/DANW NFOW ¢DOW o DSACWsUSKON 4DSVOW s DSWOWOWOW o ¥
COMMON /PHYS/GRAVNII(P 4RHOJRHUA
COMMON /PWR/ALFAENGETAETAPMKD«NOEN ¢PLOPP +PLOWIPMC +PMI «PPOW
*PVYKE ¢ PYKH ¢ PYKM

COMMON /SES/BSWDSeFRHUMP JFRMAX 3L «LOBoLOBSWNC+PO¢POL R4 SYST,
oTITLE(R) ¢« VKD VKE o VKMAX

DATA TABFR/040el 001512 9¢22500259¢271628¢¢2%0030631943190
003250033003~0‘15'.3'\0.313'0330 eIV 0 el9e4254.,054,.50
o884 . 60e0500875 007 ¢0759¢3¢e85+2F0l0vlelole2e
*1a30)ebeleSrl,heleTe]1.8/

DATA TARBR/0¢+e006¢e01 7000004077 00leoelTeelre@reS51iab0Ieocb2e
0612005820 ¢e48R0e%100MR1e37 103720000044 0a69.RGe):220
‘l.bJSc!.S.'!Bvl.';ﬂﬁ-l.ﬁol.‘39701.578.1.54?.1-6901.666].36,].3.].252.
*142100101RB1)1,16201:1690]1125¢1461117/

EULER=20.577215AK40

FOEPE (SQRT (] 4 ~KN*2.* (KD*SURT (KD} )/ (FR/ZALFA/FRMAX) ®®2) =] )

o ®(FR/ALFA/FRMAX)®#2/ (K|)¢+5QRT (KD))
ETAREOEP®ETAPM® (1 .=SORT(KN) 7 (1 «+SURTIKN) )} ®(1e=FR/ALFA/FRMAK) #e2)
IF(FR.GE.O-oANn.FR.LT.O.S'FRHUHP)
IWAVEPARZ1 6. 2LOAPFROFR/ (PIOFRHUMP®OL ,® (] , ¢ ] ,A*LOR®E,25) ee2)
2% (3.=CULER®ALOG( ({1416 OR®e 25)@FRKUMP) ##2/ (16,%L08)))

IF(FR,GE.N.S*FRHUMP (AND FRJLE Qo HOLOB®®  2SFRHUMP)

IWAVEPAR=EXP {(=SQRT(LNR) *FRe®( ,2S) *SIN(P]*FRHUMP®e?2 /7 (2 *FR®e2))ee?
2¢L0B/(PI®(FRe  ACLOR®® 2S*FRHUMP ) ®82)
3'(3--EULERﬂALOG((FQ’.Q'LOH".ES’FRHUMP)"2/(“.'LUQ)))

IF(FR.GT0.80LOR® 25aF RHUMP)
1WAVEPARZEXP («=SART (LOR) *FR*8( ,2S) *SIN (P I #FRHIIMP#42/ (2 ,*FRE92) ) w02
2¢LNB/ (6. "Pl*FRe82) @ (3, ~tULER ¢ ALOG(FR®*®*2/L0OR))

ONOWa4 , 8WAVEPARSPOL /RHO/GRAY

VFS=FReSQRT (GRAV®L)

OWsRHO®VFSeVFS/2.

IF(FR.ALTFRHUMP) HA=PQ® (l.=0,8® (FR*FR/FRHUMP/FRHUMI ) ) /RHU/GRAY

IF(FR.GE.FRHUMP) HA=0,28PU/RHN/GRAV :

RE=VFS®L/NU :

CFeFRICT (1+RE) :

0SAOW=S , 0 *QWECF oL *HA/W

OSVOWEQWECF *L OR®*DWNW /PO

Q!=h . 0*RHO®*GRAV/P]

IF(FRJLEeleB) CALL DISCOT(FRsFReTABFReTABR«TABRI=120+42+04¢R1)

IF(FR.GTe1.8) R1IZ6,125%ALUGIFRI/FR/FR

OSWOWSQ] Rl *BSW*BSWeHA®HA/W/L

QA=RHOA®VFS*VFS/2.

DENWE0,220A/ L 0R/PO

OSKOW=0, 1 ®CFeQwW/PO

COA®0I9IE~4+0,02%CF

DAOWNCDA®QW/PO

DOWaDWOW *+DSAOWDSVON+DSWON*DEOW+DSKOW+DAOW

PPOMsDON®VFS/ETA/SS0.

PLOW=PLOPR*PPOW

Ps (PPOW+PLOW) *y

RETURN

END
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SURROUTINE ENGINE (ENGePM] «PMC o N}
NIMENSTON TAAENG(I¢11) oNE(LL) oNMAX(LO) oPMCN(LL) oPMIN(LY) E
COMMON ZMGHT/ZDELOCNFL] s WAUXeWCESIWE ¢ WF s WMo WPL o WS o WS E

OATA TARENGZ10M GNOME 8254197040 10H LM100%1150.+122040
*10M YFIaR¢137S.+1550. 0101 TF254422000925006910K TF3S

©2750403150090)10H  SO01°K14e300¢43730e010H GTPF=Y90+45000.¢5600.¢

¢16H  S01-M6247000.+¢R000.+10H 912-C1+¢13000¢11500009 !
¢10K LM2500+24050.¢25600.0)10MH FTOA=2¢36000.+22500.7 :
OATA NMAX/Z62{2)+3%(3) 5/ ;
N0 1 I=1.11 : :

NE (1) sROUND (L (PUI/TARENG(3e1)¢eS)el,)
IFINE(T)L.TL2) NE(T)=?
IF(TABENG(2-T)®NE (1) (LT.PMC) NE(1)=NE(T)+]
PMCN (1) =TABENG (2« 1) ONE (1) :
1 PMIN(I)=TABENG (Js1) ®NEC]) 3

IMIN®1] ;
CALL WETGHTINE (11) PMCN{11)+PMIN(L1])) i
DELM=DELL d
PO 2 T=1410 i

IF(NF(T) GTeNMAX(]I)) GO TU 2

CALL WETGHTU(NE (1) oPMCN(1) sPMIN(T))

IF(DEL).GT.DELM)} GO TO 2

IMINe] %

DELM=DFL1 ;
2 CONTINUE

NsNE (IMIN)

ENGETARENG (1 ¢ THIN)

PMCaTARENG (2 ITMIN) @N

PMIsTARENG (e TMIiv) &N

CALL WFIGMT (NePMCoPM])

RE TURN

END
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SUBROUTINE WEIGHT (NE+PMCNIPMIN)

REAL Lol OBLORSYINC

COMMON /’“/AL"‘CNGQEYA'EY‘PNOKOONOENOPLOPP'PLO'!PNC'PH]'PPOH'
SPYRE s PV M PYKM

COMMON /SES/BSHOSsFRHUMP ¢ FRMAX oL o LOBLOBSWoNCsPUSPOLIR,SYST
STITLE(R) o VKD VKE s VKMAX

COMMON /UONYIDELOODELI"AUXvUCES!VEONPQﬂNOVPL"SO'SL
IF (PVKE .GT¢3000..0R,SYST.EQ,1,) GO TO |

SFCu0,.4

W=0,.00)15620PMIN

80 10 2

NeROUND ( ‘OVKE/PNCNSNE+.5) +1,)

PENSPYKE,N

SFC=] ,90PENON (<0.]15)

WMu0,.0013396PMIN

WSaDELO/SART (POL ) ® (DELO®® (=]1,/3,)+0.3/L08%@ (] ,/3.7)
WSL=0,05*NELO '
WE=0,03*NELO

WAUX=0,]1eNELO

WCES®0,19NC+0,015*NC*DS

WFsDELO® (1.=EXP (=] ,0SFCOROPVKE/ (2260 .8DELOSVYKE ) ) )
DELIsWPL o WS eWSL ¢+ WMeWE +WAUX ¢ WCES « wF

RE TURN

"END
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SURROUTINF OUT (TPAGE ¢NSTER)
REAL KDoL oLOBLOBSWNC
COMMON /PHR/ALFA-ENGoEtAoETAPNoKuoNOENoPLOPO-PLOHIPNCvPMlcPPOVO
*PVKE s BYKHoPVKM
COMMON /SES/RSWOS«FRHUMPAFRMAXsL o LUBILOBSWINCIPQOFPOL+RSYST,
*TITLE(R) VKD VKE ¢ VKMAX
COMMON /ZWGHT/DELOOEL L o+WAUX s WCES +WE o WF ¢ WM o WPL o WS e WS
GO TO (1+2) IPAGE
1 WRITE(6+600) (TITLE(I)el=leR)
600 FORMATY (///7728XxRA10)
GO T0 3
2 WRITE(6+602) (TITLE(I)e12]148)
602 FORMAT (1H1:27X+8A10)
3 WRITE(6.604) NSTEP
606 FORMAT (1HO 425X s ®RAVENSCROFT METHOD FUR WATERJET PRUPELLED SES CONE
*EPTUAL DESIGN® 4 10X @I TERATION #([1)
WRITE (6606} VKMAX VKD oVEKE ¢R¢NCoDS+LOBPOL 4POL

606 FORMAT (1MD @ VKMA X VKD VKE RANGE ACCOM,
e DRY ST, L/A P/L PO LENGTHa/1X4TF10.,00F10,3,
0"-10000’-‘0.')
FRE=VKE®FRMAX/VKMAX
WRITE(6+608) NOENENGoPMC PM] oFRE ¢ PVKE ¢ FRMAK + PYKM ¢ FRHUMP

608 FORMAT (1HO e NO. ENGe MO0EL PMC PM] FRE
+  PVKE FRMAX PVKMAX FRHUMP PVKH KD ETA
. ETAPMAX®/T11+A10e2F10,043(F10.2+F10.0))

IF (FRHUMP (LE FRMAX) WRITE(6+610) PVKN
610 FORMAT (1H*+90XeF10,0)
IF (FRHUMP (GT ,FRMAX) WRITE(Hhe612)
612 FORMAT (1He+90Xs® ———e @) -
WRITE(6«6Y4) KNJETA,PTRPN
614 FORMAT (1H*4100X43F10,2)
WRITE(6:4616) DELUWDEL] oWSoWSL o WMo WE s WAUX ¢ WCES o WF o WPL

616 FORMAT(1HOs® NELO DEL] ws uSsL WM
. wE WAUX wWCES wF WPL#/1X+2F10,0+8F10.1)
RETURN

END
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SURROUTINE LINF(FRePo eGETA)
REAL L
COMMON /NDRAG/NAOW «DEOW + NI s DSAOW s DSKUW e NSVOW s DSWOW e DWOW o W
VKsFR®SQRT (G¥L) 71 «+4RTA 4
D=DOW#W ]
WRITE(6+60C) VKD *FReETAIPoDOWIDWOWIDSAOWSDSVOW s DSHOW s DEUWNSKOW e
*DAOW 3
600 FORMAT (1XeFBa2¢1PEL]eI00P2FT7.291P9EL143) 1
RETURN b
END :
E
3
k|
SURROUTINE DISCOT (XA+ZA'TABXeTABY s TARZ NCsNYsNZ s ANS) DISCOTOi 1
CIMENSION TABX(10) +TABY (1440) s TABZ (144) yNPX (8) ¢NPY (8) »YY (8) _
CALL. UNS (NCsIA+I0Xs1DZ¢IMS) D1SCOTO3 §
IF (NZ=1)  545:10 015COT04 ]
S CALL DISSER (XA+TARX,1eNYsIDXsNN) 015C0T05 :
NNNs1DX+1 D1SCOTO06 i
CALL LAGRAN (XA+TABX(NN)«TABY (NN) ¢ NNN,ANS) 0ISCOT07? %
GOTO 70 DISCOTO8 i
10 ZARG=ZA DISCOTO9 :
; IP1X=IDX+]) NISCOT10 i
: IP1Zs1DZe1 DISCOT]) i
IF (IA) 15,25.15 DISCOT]2 E
15 IF (ZARG=TABZ(NZ)) 2542520 D1SCOT13 %
20 ZARGRTABZ (N2) DISCOT14 1
26 CALL DISSER (ZARGeTABZe14NZsIDZyNPZ) DISCOTLS .
NX=NY /N2 01SCOT16 :
NPZLENPZ+102 0ISCOT1?
I=1 DISCOT18
IF (IMS) 3030040 DISCOTI1O
30 CALL DISSER (XAeTARX,1¢NXsIDXeNPX) DISCOT20
DO 35 JJsNPZ.NPZL DISCOT21
NPY (1) =(JJ=1)ONK*NPX(]) DISCOT22
NPX (1) =NPX (1) . D1SCOT23
35 Talel D1SCOT24
GOT0 S0 DISCOT25
40 DO 45 JJI=NPZ+NPZL DISCOT26
1S=(JJ=-1) *NXs} 01SCOT27
CALL DISSER (XA,TABXsISsNXysINXeNPX (1)) 01SCOT28
NPY (1) =NPX (1) D1SCOT29
4S5 Tale] 01SCOT30
50 DO S5 1=1.,1P12Z DI1SCOTI1
NLOC=NPX (1) D1SCOTI2
NLOCY=NPY (]) p1SCOT32
S5 CALL LAGRAN (XAJTARX(NLOC) TABY (NLOCY) +IP1X,YY (1)) DISCOT 34
CALL LLAGRAN (ZARG+TABZ(NPZ)sYYeIP1Z9ANS) DISCOT3S
70 RETURN DISCOT36
END 01SCOT3?

4R
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20

25

30
35

40

SURRQUTINF LAGRAN (XAeXeYeN1ANS)
NIMENSION X(10)eY(1640)
SU".O .0

N0 3 I=l,N

PROD=Y (1)

NO 7?2 J=leM

AzX (1) =X(.})

IF (A) 10201

R (AA=X(J))7A
PRON2PRON®R

CONT INUE

SUM=SUMePROD

ANS=SlIM

RE TURN

END

SURROUTINE OISSER (XA.TABeT1oNXeJUNPX)

DIMENSION TAB(10)
NPT=IDe1}
NPRaNPT/2?
NPUsNP T=-NPB
IF (NX=NPT)
NPXx ]
RETURN
NLOW=] +NPA
NUPP=] eNX=(NPU+1})
DO 15 TI-NLOVNIIPP
NLOC=11

IF (TAR(TTI) =Xa)
CONTINUE

NP X=NUPP=NPR*]

RE TURN

NL sNLOC=NPB

NU=sNL 1IN

DO 2S5 JJ=NL +NU
NO1Ss= gy

IF (TAR(JJ)=TAR(JJe1))
CONTINUE

NP X =NL

RETURN

1F (TAB(NDIS)~XA)
NPX=ND]S~IC
RETURN

NPXaNDTR+)
RETURN

END

105410

15420420

25430925

40¢35435
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D1SCOTSa

DISCOTS6
D1ISCOTS7?
D1SCOTYSe
DISCOTSS
01SCOTé60
015COT6)
01SCOT62
D1SCOT63
01SCOT64
D1SCOTOS
01SCOTes
01SCOT67
NISCovTes

DISCOT69

DISCOT71

DI1SCOT72
O1SCOT73
DISCOT74

0ISCOT7S
D1SCOT76
015COT77
D1SCOT78
D1SCOT79
n1sScovao
D1SCOT81

pDISCOTAZ
01SCOT83
01SCOT84
p1scoves
DiSCOTBs
p1SCOTA?
D1SCOT88
D1SCOT89
NI1SCOT9p
01SC0T9)
01SCcOT92
D1SCOTS)
DISCOT94
D1SCO19S
D1SCO196
D1SCOTe7

B e —
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SUBROUTINE UNS (IC,1A0IDRe1DZ+1INMS)
Ifr (1c $¢S010

IMnS=]

Mu- lc

GOYTO 1S

T(1su9

NC=1C

I (NC=100) 20+25:25
1A=l

G0Y0 30

1A=l

NCeNC~100

1DXeNC/10
10ZsNC-10X®10

RETURN

END

FUNCTION FRICT(IFRICToRE)

GO T0 (a.2) IFRICT

FRICTR 075/ (ALOGLO(REZ100.))®®2 SGO TO 99
X214/ (3, 46%ALOGI0(RE} =S, 6) 002
FRICT=(.,242/7ALDGL0 (RE®X) ) ®O2

IV (ABS(FRICT=X1, LT 5,E-07) GO TO 99

X= 1 FRICT+Xx) /2.

GO Y0 &

RETURN

END

FUNCYION ROUND(XsV)

X 1S VARIABLE TO BE ROUNDED
¥ 1S THE VALUE TO WHICH X 1S 1O BE ROUNDED

XaX/V STXaNX=X SOXxzX=TX STDX=NX=2,0¢0x SROUNDs (TXeTDX) eV

RETURN

END

S0

DISCLOTI8
DISCOTI9
DISCOTA0
DISCOTA)
01SCOT42
D1ISCOT4)
OISCOTASL
DISCOTAS
DISCOTAS
015COTAY?
DISCOTAS
OISCOT49
0ISCOT50
DISCOTS1
0iscovs2
DISCOTS)

FRI
FRI
FRI
FRI
FRI
FRI
FRI
FRI
FRI1
FR1

RND
RND
RND
]ND
RND
RND

001
002
003
006
005
006
007
008
009
oio

0
co2
003
004
00s
006

add

o el 8%
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